To support the automatic semantic analysis of texts in the humanities, it is not sufficient to analyze words and evaluate word pairs, because it is necessary to process larger units, such as phrases, sentences, and paragraphs. This study proposes the introduction of intratextuality into a digital archive system. In the future, this method will be developed as the basis for semantic analysis of larger units. Classical literary structures that are used frequently in the Old and New Testaments were digitized as a case study. A literary structure data format for a relational database was also implemented. The literary structures of 39 books in the Old Testament and 27 books in the New Testament were digitized. The total number of digitized literary structures was 1,507 and the elements of these structures comprised 7,715 pairs. These data were stored in a Java-based relational database system and a web-based viewer program for rhetorical structures was implemented as a JSP servlet. This web-based program will be combined with an existing digital archive system that can manage intertextuality data. The Java-based relational database system and the JSP servlet will facilitate numerical analyses of the intertextuality and intratextuality of digital archive systems of classical texts, thus making it much easier to conduct scientific analyses of the meanings of texts.
Introduction
Studies of classical texts require large volumes of textual materials. Therefore, the storage, retrieval, and preservation of texts have become major problems. However, information technology has developed rapidly in recent years and may provide effective solutions to these problems. Various projects related to the digitization and archiving of classical texts are in progress in different fields. Digital archive systems have evolved by combining several information processing techniques such as text search, comparison, and concordance. For example, those published on the Web for academic  Graduate School of Decision Science and Technology, Tokyo Institute of Technology purposes include the Perseus Project collection of Greek and Latin literature 1 (Crane et al. 2003) , archived Buddhism-related material 2 (Matsuda, Iyanaga, and Nagasaki 2011) , and the CCEL 3 Christian literature collection. In addition, commercial digital archive programs are available such as BibleWorks, 4 which combine texts with dictionaries, related texts, and search functions.
Text analysis algorithms, such as search functions for words and phrases and morphological analysis, are integrated into many of these digital archives. Though those algorithms are also very useful in humanities research, they cannot interpret complex and sophisticated classic texts. Text analysis algorithms have been developed in areas such as natural language processing and text mining. These algorithms are focused on academic papers, patent documents, and large-scale Web corpora, and they facilitate information processing at the vocabulary level (e.g., detecting burst words and counting the polarity of evaluation words). However, analyses that focus on the word level are not sufficient to support the automatic study of texts in the humanities. In the humanities, the semantic relationships among larger text components, such as sentences, paragraphs, and even different texts need to be analyzed using rhetorical and literary methods.
Literary Structures in Classical Texts

Intertextuality and Intratextuality
In the area of classical texts, large numbers of texts have been affected by other classical texts. In general, many texts have been influenced by classical texts. Therefore, it is possible to analyze the interpretation of classical texts throughout history by combining classical texts with related texts. The types of semantics derived from the relationships between multiple texts are known as intertextuality. Archives that include reference data and citations have been studied because intertextuality is also important in digital archives (Murai and Tokosumi 2007) .
In general, intertextuality refers to the semantics derived from the relationships between multiple independent texts. Various relationships may exist between texts. For example, the relationships between small sections of text constitute intertextuality. (Meynet 1999) ; intratextuality is also found in modern texts.
Types of Literary Structures
A chiasmus is a nesting structure where the first part corresponds to the last part, the second part corresponds to the second-to-last part, and so on. Examples of chiasmus include ABBA structures ( fig. 1 ).
As shown in figure 1 , the units of words and phrases that comprise literary structures can form small structures. In figure 1, "good" corresponds to "just" and "bad" corresponds to "unjust." Those correspondent relationships make an "X"-shaped structure. "X" is the Greek letter chi; therefore this structure is called a chiasmus.
Although this example is composed of word-level structures, many larger literary structures comprise sentences or paragraphs. Moreover, the corresponding relationships are not confined to ABBA; there may be multilayered nesting structures such as ABCDDCBA. Example of a chiasmus (Matt. 5:45) Another unit of literary structure, a pericope, is a unit of text that is larger than a sentence. Standard pericopes range in size from several sentences to several paragraphs.
A pericope can also be a division of a short story.
A concentric structure is similar to a chiasmus but has an unpaired central 
Significances and Problems of Literary Structures
Chiasmus, concentric structures, and parallelisms are prominent among the literary structures in the Bible, as well as in other literature from the Middle Ages and the classical literature of Greece and Rome.
Identifying literary structures has several advantages. Literary structures help clarifying the divisions in a text and also the correspondence among phrases facilitates deeper interpretations. For instance, identifying the literary structure as concentric can reveal the main theme of a text.
However, literary structures in the Bible present some challenges. First, there are many types of correspondences between small text parts, from simple word matches to abstract theme similarity. Moreover, because of the complicated editing processes the Bible has undergone, there can be several overlapping literary structures in one text part.
In some cases, a literary structure is composed of pericopes and includes an entire text;
in other cases, a literary structure is composed of small phrases or a few sentences and includes only one pericope. This diversity makes it difficult to evaluate the validity of some hypotheses about literary structure.
Therefore, it is desirable to store literary structures in a digital archive that enables quantitative interpretations. Quantitative methods would enable us to evaluate various hypotheses about literary structures objectively and scientifically.
The aim of the present study was to develop a foundation for the quantitative processing of the literary structures found within texts. Thus, the present study proposes the introduction of a literary structure data format for digital archives. In this research, an implementation in Java is described where the literary structure of the Bible is digitized as a case study.
Data Format for Literary Structures
The data representation of intertextuality in digital archives can be implemented relatively easily based on the citation and reference relationships between texts (Murai and Tokosumi 2007).
However, if intratextuality is implemented in a digital archive, it should be digitized in accordance with the representation of the section of text because it is a structure within the text.
Text description based on Rhetorical Structure Theory (RST) has been used in various fields such as automatic text generation to obtain a description of the verbatim dependency structure of the text (Taboada and Mann 2006) . However, there is a severe limit on the correspondence between text elements in RST. RST can only be written as a one-to-one basic adjacent correspondence, which means that it is not suitable for describing classical literary texts with extensive multilayered structures.
Other formats such as TEI (Text Encoding Initiative) 5 have been used widely in various projects to archive texts, as well to tag non-text information. Various types of information can be described using tags in these archives, such as a word table of the contents and chapters, morphemes in text, versions of manuscripts, and the source. In general, the tags are based on XML so multiple tags may have a nested structure.
However, literary structures are not necessarily nested; non-nested structures such as parallelisms exist. Moreover, there are many overlapping literary structures, and those could not be described in traditional nested structures. As an exceptional methods, TEI provides stand-off markup, which permits non-nested structures by utilizing location tags to indicate arbitrary points. However, in this study, for convenience of quantitative analysis by computer program, the format of a relational database was selected. The data in this relational database can be converted to XML format; thus, stored data may be published with XML stand-off markup in the future.
Given the characteristics of classical literary structures and the planned implementation of this project as a relational database, the present study proposes the following descriptive data format.
First, because several different literary structures may overlap independently in specific locations in the text, the description of a literary structure must be independent and separate from other literary structures. Therefore an ID is given for each literary structure. A literary structure which has many corresponding pairs of text elements can be identified as pairs of texts by same literary structure ID.
In addition, because the literary structure unit may vary among phrases, sentences, or pericopes, the range of text elements in literary structures should be defined in a flexible manner. A strict definition of the text location description is desirable for avoiding human errors. However, in humanities studies there are many cases in which the descriptions of text locations are not uniform. In the case of the Bible, for example, there is more than one abbreviation for each book.
Further, it is desirable for the data format used for these literary structures to include information about the text elements (e.g., words, phrases, or arrangements of words) that correspond to others and in what manner (e.g., the same phrase, same theme, or the correspondence with an antonym).
The number of text elements that correspond in a literary structure is not constant, but it is not desirable for the number of elements should not be limited constant value,
given the aim of normalization in a relational database. Therefore, one pair of corresponding elements in a literary structure is registered as data, instead of registering the data for the overall literary structure, and data that describe the positions of corresponding elements are included in addition to the data for the overall literary structure in the text. Using this position parameter, a text relationship which includes more than three texts can also be described. Thus, two parameters (ID and position) are necessary to identify a specific literary structure, and a general semantic XML structure such as RDF triple is not suitable for this research.
Although we can attempt to normalize the data in a literary structure, the results of structural analyses may still differ between researchers because interpretations in the humanities cannot be unified. Thus, the data format should include data about the analyst of a specific literary structure. Based on these requirements, the proposed data format for a literary structure in a digital archive is shown in table 1.
The proposed data format can describe the relationship between two small elements in a text. Therefore, the format is not limited to literary structures alone; it can also be used for describing the generic structure of intratextuality. Table 2 shows an example of the formatting of the data related to a literary structure based on the data structure in table 1. That literary structure is same as the one shown in figure 2. In table 2, the Analyst and Structure ID are omitted because they are the same for all of the data elements shown in table 1.
Implementation of a Digital Archive System for Literary Structures
The structure shown in table 1 was implemented as a client-server model Java JSP servlet application using the H2 library and these functions were integrated into a digital archive system for the Bible ( 
Conclusions and Future Work
Intratextuality is a type of intertextuality and it is important for the interpretation of texts. The present study has focused on the intratextuality of texts, which is not emphasized in conventional digital archives.
A data structure was formatted and a Java application was developed to generate the data structures for the literary structures in the Bible as a case study. Literary structures are important for interpretation, especially when considering classical texts. It is expected that the further development of related areas will be promoted by digitizing and sharing information about literary structures.
However, there are some problems with literary structures. First, there is no clear definition of a valid correspondence. Some structures correspond based on words or phrases, but more abstract themes may also form the elements of correspondences. In addition, the lengths of text units are not uniform. Some structures comprise phrases, whereas other structures comprise pericopes. Therefore, a quantitative method for validating the rhetorical structure of the Bible is needed (Murai 2013) . Thus, it is desirable to evaluate the validity of a literary structure by applying an algorithm using the database developed in the present study which is intended to fill this need. 7 The list of Apocrypha is according to Catholic Church.
